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Background: Zinc is an essential trace mineral and plays a role in immune function, wound 
healing, and normal growth and development. Evidence suggests that the risk of inadequate 
zinc intakes during adolescence – a period of rapid growth – is moderate to high. The recent 
global shift towards vegetarian diets and lower bioavailability of zinc from plant foods than 
that from animal foods may further increase the risk of suboptimal intakes. With the latest 
New Zealand nutrition survey conducted over 10 years ago, zinc intakes among New Zealand 
adolescence are unknown. 
Objective: To describe and assess the usual intakes of, and main food groups contributing to 
zinc intake among New Zealand adolescent males and females. 
Design: The Survey of Nutrition Dietary Assessment and Lifestyle (SuNDiAL) project was a 
two-year cross-sectional survey of 401 adolescent males and females aged 15-18 years old. In 
Year 1, 266 females were recruited from thirteen schools in eight locations around the 
country with a targeted approach to recruit vegetarians. In Year 2, 135 males were recruited 
from six schools in five locations around the country. A total of 28 female and five male 
vegetarians were included in the study. Socio-demographics and health, dietary habits, and 
attitudes and motivations to food choice were collected via an online questionnaire. 
Anthropometrics were collected using standardized study protocols. Two non-consecutive 
24-hour diet recalls were used to assess dietary intakes. Usual zinc intakes were estimated 
using the MSM method. The prevalence of zinc inadequacy was determined using the 
estimated average requirement (EAR) cut-point method (11 mg/day for males and 6 
mg/day for females). The major food groups contributing to zinc intake were calculated 
from 33 food groups. 
Results: The usual median (IQR) zinc intake for males was 13 (10.3, 15.2) mg/day and 9 
(7.3, 10.6) mg/day for females. Overall, the prevalence of inadequate zinc intakes was 
relatively low for females (6.4%) but substantially higher for males (23%). For males, the 
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highest prevalence of inadequacy existed among Māori and Pacific sub-groups and those that 
resided in moderate-high deprivation areas. For females, Māori and Asian participants 
appeared at greatest risk of suboptimal zinc intakes. Apparent differences in the prevalence 
of zinc inadequacy existed among vegetarian males (20%) and females (7%), despite no 
differences existing among vegetarian and non-vegetarian within each sex group. ‘Grains and 
pasta’ were the greatest dietary contributor to zinc intakes for both males and females, 
followed by bread and bread-based dishes for females and poultry and beef and veal for 
males. 
Conclusion: Males appear to be at a greater risk of inadequate zinc intakes compared to 
females with some sub-groups at greater risk than others. There were no apparent differences 
between vegetarians and non-vegetarians despite other studies reporting a high risk of 
inadequate zinc intakes among vegetarians. The number of participants identifying as 
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Adolescence is a period of rapid growth at which the body undergoes the process of sexual 
maturation (Spear, 2002; Urbano et al., 2002; World Health Organization, 2020). Adequate 
nutrition during this period is essential to support optimal growth and development. The 
assessment of dietary intakes is required to ensure this lifecycle group are meeting their 
increased nutrient requirements. 
 
 
Zinc, a trace mineral, is an essential nutrient and key growth limiting nutrient (Brown et al., 
2001). Zinc also plays an important role in immune function, wound healing, protein 
synthesis, DNA synthesis, and cell division (Brown et al., 2001). As such, inadequate intakes 
of zinc leading to deficiency are associated with poor growth, stunting and delayed sexual 
maturation (Brown et al., 2001; Samman, 2007). 
 
 
While research is limited, available data suggest that adolescent males and females are at 
increased risk of inadequate zinc intake (Wilson and Ball, 1999; Ball and Ackland, 2000; 
University of Otago and Ministry of Health, 2011; Australian Bureau of Statistics, 2014; Lim 
et al., 2015; Ho et al., 2017). The most recent national nutrition survey in 2008/09 reported an 
estimated 7% prevalence of inadequate zinc intakes among females, with a substantially 
higher prevalence of inadequacy among males of 17% (University of Otago and Ministry of 
Health, 2011). ‘Bread-based dishes’ and ‘Grains and Pasta’ were the greatest food group 
contributors to male and female zinc intakes, although many of the food items and dishes 
may contain lower bioavailable zinc. Meat, liver, shellfish and oysters are the richest source 
of zinc in the diet, with greater amounts of zinc found in darker meat compared to white meat 
2  
(Solomons, 2001; Samman, 2007). Whereas, diets high in fibre have been associated with 
higher intake of phytate, a known inhibitor of zinc absorption (Samman, 2007). 
 
 
Moreover, data on global patterns of dietary habits indicate a shift towards a more plant- 
based diet, with many New Zealanders now reducing meat intake or adopting a vegetarian 
diet (Brunton, 2019). With appropriate dietary planning, vegetarians can consume adequate 
zinc from legumes, whole grain foods and regular intake of nuts and seeds. However, the 
prevalence of zinc inadequacy among vegetarians, particularly adolescences and young adults 
remain high (Wilson and Ball, 1999; Ball and Ackland, 2000). In addition, the amount of zinc 
required for vegetarians may be higher due to the higher phytate content in a vegetarian diet 
(Hotz et al., 2003; World Health Organization and Food and Agriculture Organization, 2004; 
Gibson et al., 2018). To date, there is no recent literature assessing dietary zinc intakes 
among New Zealand adolescent males and females nor assessment of zinc intakes of those 
identifying as vegetarians. It would be relevant to assess the dietary intakes of vegetarians to 
support future dietary recommendations. 
 
 
Therefore, the aim of this study is to determine usual zinc intake, the prevalence of 
inadequacy and investigate the major food groups contributing to zinc in the diet, in 
adolescent males and females aged 15-18 years old. The information obtained may be used to 
update information on dietary intakes to aid future dietary guidelines for this population 
lifecycle group. 
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2 Literature review 
 
2.1 Zinc, absorption, metabolism, excretion and function 
 
Zinc is a trace mineral and considered an essential nutrient (Brown et al., 2001). The human 
body has about 2 to 3 g of zinc widely distributed in body tissues (Samman, 2007). For 
example, an adult 70-kg male has approximately 1.5 - 2.5 g of zinc, with the highest 
concentrations found in muscle and bone (Brown et al., 2001). The human body has no 
permanent store of zinc and thus, is unable to readily release zinc in response to suboptimal 
dietary intake (Brown et al., 2001; Gibson et al., 2008). 
 
 
2.1.1 Zinc absorption and metabolism 
 
 
Absorption of zinc takes place in the small intestine by facilitated and passive diffusion 
(Semrad, 1999; Brown et al., 2001; Samman, 2007). Homeostatic mechanisms regulate the 
absorption and excretion of zinc to ensure an adequate level is retained (Brown et al., 2001; 
Gibson et al., 2008). For example, a zinc enriched diet will result in decreased absorption and 
increased excretion, and vice versa. The fractional absorption of dietary zinc is difficult to 
determine because of the excretion of endogenous zinc in pancreatic juice and other 
gastrointestinal secretions (Brown et al., 2001; Roohani et al., 2013). 
 
 
Zinc is released from food as free ions during digestion, which then bind to endogenously 
secreted ligands (Roohani et al., 2013). Zinc is absorbed in the small intestine, mainly in the 
duodenum and proximal jejunum (Semrad, 1999; Roohani et al., 2013). Absorption occurs 
largely by a transcellular process, however when zinc intakes are high, absorption occurs via 
a paracellular route (Roohani et al., 2013). Transporters are expressed along the 
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gastrointestinal tract and are responsible for the uptake of dietary zinc into the enterocytes 
from the apical membrane (Cousins, 2010). 
 
 
Once zinc is inside the enterocyte, it becomes bound to metallothionein (Cousins, 2010; 
Roohani et al., 2013). Zinc is absorbed across the basolateral membrane into the portal 
circulation via the following two mechanisms: 1) facilitated via specific transport proteins 
such as ZIP4; or 2) absorbed passively (Roohani et al., 2013). The portal system then carries 




Circulating zinc is predominantly bound to albumin in the blood (Jackson, 1989). Ion 
gradients are generated by two mechanisms: 1) A primary pump, utilizing the energy of 
adenosine triphosphate (ATP) hydrolysis; or 2) a secondary active mechanism that uses an 
ion gradient, such as Na+, for generating Zn2+ gradients (Roohani et al., 2013). Different 
proteins are involved in the uptake, excretion and intracellular storage/trafficking of zinc. 
These proteins are transmembrane transporters, belonging to the ZIP and ZnT families 
(Devergnas et al., 2004). They have opposite roles in zinc homeostasis. The expression and 
cellular distribution of the ZnTs is highly regulated by changes in zinc level (Sekler et al., 
2007). ZnTs work to decrease the available zinc inside the cell by promoting zinc efflux, 
while ZIP transporters work to increase the available zinc inside the cell by promoting 
extracellular zinc uptake (Roohani et al., 2013). 
 
 
The absorption of zinc depends on both environmental and dietary factors. Both the zinc 
content of food and dietary intake affects the efficiency of absorption as well as the 
bioavailability of zinc from foods which also influences the absorption rate (Brown et al., 
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2001; Gibson et al., 2018). The major dietary inhibitor of zinc absorption is phytate, found in 
various plant foods (Brown et al., 2001; Gibson et al., 2018). Phytate has the ability to chelate 
with zinc and form insoluble complexes, which pass through the gastrointestinal tract, 
unabsorbed and excreted in stools (Lönnerdal, 2000). Absorption rates differ based on 
phytate:zinc molar ratio. A ratio of 15 or more is considered to be poorly absorbed, with 
minimal zinc made bioavailable (Brown et al., 2001; Lönnerdal, 2000). Furthermore, zinc 
status may influence zinc absorption. Zinc-deficient humans have an increased efficiency 
compared to those who have a zinc enriched diet (Roohani et al., 2013). Studies have shown 
that homeostatic mechanisms up-regulate zinc absorption and retention in people with low 
zinc intakes (Roohani et al., 2013). Cooking methods have also proven to reduce phytate 
content in foods, while zinc losses through cooking methods are minimal (Brown et al., 
2001). As such, the cooking increases the bioavailability of zinc. Protein also enhances zinc 
absorption, improving the bioavailability of zinc by binding to the phytate (Lönnerdal, 2000). 
Animal protein is a major source of dietary zinc therefore increasing protein intake leads to 
an increased zinc intake and an increased bioavailability of total zinc (Lönnerdal, 2000). 
 
 
2.1.2 Zinc excretion 
 
 
Zinc’s major route of excretion is via endogenous losses in the gastrointestinal tract (Semrad, 
1999). The endogenous losses of zinc can be recycled and re-absorbed in the small intestine 
(Gibson et al., 2008). Unabsorbed dietary and endogenous zinc is excreted via stools 
(Semrad, 1999; Brown et al, 2001). Other excretory routes include urine, desquamated skin, 
hair outgrowth, semen and menses, however these routes of zinc loss are relatively small 
compared to gastrointestinal excretion (Semrad, 1999; Brown et al, 2001). Homeostatic 
mechanisms work hard to minimize zinc excretion to maintain homeostasis in zinc deficiency 
(Brown et al, 2001). 
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2.1.3 Functions of zinc 
 
 
Zinc supports normal growth and development during pregnancy, childhood, and adolescence 
via its central role in cellular metabolism, making it vital to the optimal functioning of the 
human body (Prasad, 1988; Brown et al, 2001). It is required for the catalytic activity of more 
than 200 enzymes, known as metalloenzymes, (i.e., require a metal ion for their function). As 
such, zinc also plays a role in immune function, wound healing, protein synthesis, DNA 
synthesis, and cell division (Brown et al, 2001; Samman, 2007; Roohani et al., 2013). 
 
 
The enzymatic role of zinc is fundamental to maintain protein structure and nucleic acid 
structure. Furthermore, the synthesis and degradation of ribonucleic acid (RNA), 
deoxyribonucleic acid (DNA) and ribosomes (Brãndao-Neto et al., 1995). Zinc stabilizes the 
structure of DNA-binding proteins known as zinc finger proteins (Brãndao-Neto et al., 1995; 
Cassandri, 2017). They are involved in a wide range of cellular processes including the 
regulation of gene expression (Cassandri, 2017). Wound healing, lipid metabolism; in 
particular the synthesis of long-chain fatty acids and several prostaglandins, cholesterol 
metabolism and carbohydrate metabolism are amongst the various functions zinc-dependent 
enzymes are required for (Takeda, 2001). Several hormones such as gonadotropins and sex 
hormones are also influenced by the activity of zinc (Brown et al., 2001). Zinc also plays a 
role in reproduction and taste acuity (Brown et al., 2001). 
 
 
2.1.4 Zinc deficiency 
 
 
Zinc deficiency was first discovered in the 1960’s in male dwarfs from the Middle East 
(Prasad, 2013). Consequences of zinc deficiency were growth retardation, delayed secondary 
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sexual maturation (hypogonadism), poor appetite, mental lethargy, and skin changes (Prasad, 
2013). Results of zinc deficiency demonstrates the critical role zinc plays in physiological 
and cellular systems. Low intakes, poor diet composition, poor bioavailability of dietary zinc, 
increased physiological requirements, disease states, increased losses and metabolic 
dysfunction may influence nutritional deficiencies. Diets high in unrefined breads and cereals 
contain high levels of phytate, which inhibits the absorption of zinc (Semrad, 1999; Brown et 
al., 2001; Gibson et al., 2018). Zinc deficiency can also result in decreased taste acuity, 
delayed wound healing, alopecia and a wide variety of skin lesions (Prasad, 1985). 
Furthermore, malabsorption can also lead to zinc deficiency. Malabsorption of zinc is 
common in intestinal diseases such as Chron’s disease and short bowel syndrome, it is also 
common in people with diarrhoea (Skrovanek et al., 2014). Two genetic disorders, 
acrodermatitis enteropathica and sickle cell disease are characterized by zinc deficiency 
(Prasad, 1985). Groups at risk of zinc deficiency are infants, children, adolescents and 
pregnant women due to their higher requirements for growth (Palanog et al., 2019). 
 
 
2.2 Dietary zinc requirements 
 
Nutrient reference values are a set of recommendations for nutritional intake based on 
currently available scientific knowledge (Ministry of Health, 2020). The recommended daily 
intake (RDI), is the intake estimated to meet the requirements of 97-98% of healthy 
individuals in this life stage and gender group (National Health and Medical Research 
Council, 2006). The RDI of zinc for adolescent males (14-18 years) is 13 mg/day and  7 
mg/day for females (Ministry of Health, 2014). Adolescents have an increased requirement 
for zinc due to the pubertal growth spurt which occurs between 10-15 years for girls and 12-
15 years for boys (Roohani et al., 2013). 
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Table 1 Zinc Nutrient Reference Values for adolescent males and females 
 
 EAR/AR1 RDI/RNI/RDA2 UL3 
mg/day mg/day mg/day 
New Zealand and 
Australia 
   
Male 11.0 13.0 35.0 





Male 11.8 14.2 22.0 









Female 7.3 9.0 34.0 
USA    
Male 11.0 34.0 
Female 9.0 34.0 
1EAR/AR, estimated average requirement, average requirement 
2RDI/RNI/RDA, recommended dietary intake, recommended nutrient intake, recommended daily 
average 
3UL, upper limit 
 
 
The estimated average requirement (EAR), is the amount estimated to meet the nutrient 
requirements of half the individuals in a particular life stage and gender group (National 
Health and Medical Research School, 2006). The EAR for zinc for adolescent males is 11 
mg/day compared to the EAR for adolescent females of 6 mg/day (Ministry of Health, 2014). 
The EAR is used to evaluate the risk of inadequate intakes for a population by determining 
the proportion of the population with usual intakes below the EAR for age, sex-specific 
subgroups or dietary types (e.g. vegetarian and vegan) (Brown et al., 2004; National Health 
and Medical Research School, 2006; International Zinc Nutrition Consultive Group, 2019). 
Absorption of zinc is higher from animal foods than plant sources, so vegetarians and vegans 




The upper limit (UL) is the highest average daily nutrient intake level likely to pose no 
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adverse health effects to almost all individuals in the general population. The UL for 
adolescents (14-18years) is 35 mg/day including dietary intake from food, fortified food, 
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water and supplements (Ministry of Health, 2014). Adverse health effects such as detrimental 
effects on the immune system, a decrease in HDL cholesterol and copper metabolism have 
been associated with high intakes (Ministry of Health, 2014). 
 
 
2.2.1 Dietary zinc intakes 
 
 
Several national nutrition surveys have examined zinc intakes in adolescent males and 
females around the world, revealing suboptimal usual zinc intake and a moderate to high 
prevalence of inadequacy. 
 
 
In New Zealand, the Adult Nutrition Survey 2008/09 (University of Otago and Ministry of 
Health, 2011) the most recent representative population cohort study, revealed a usual mean 
zinc intake for males and female adolescents aged 15-18 years of 13.7 mg/d and 9.1 mg/d, 
respectively. The median zinc intake for adolescent males and females were reported to be 
13.5 mg/d and 8.7 mg/d, respectively. As such, the prevalence of inadequacy for males was 
16.8% and females was 6.5%. Māori had the highest prevalence of inadequacy amongst the 
different ethnic groups (Māori, Pacific and New Zealand European and Others), 32.5% in 
males and 25.4% in females, more than three times the amount of New Zealand European 
and Others females (6.5%). The usual mean zinc intake for Pacific male and female 
adolescents aged 15-18 years was 14.5 mg/d and 9.3 mg/d, respectively, the highest usual 
mean zinc intake amongst the different ethnic groups. However, the prevalence of inadequate 
zinc intakes among the Pacific population remained suboptimal, males 22.0% and females 
15.2%. Males living in the least deprived area had usual zinc intake of 13.3 mg/d, which was 
less than the usual zinc intake for males living in the most deprived area (14.2 mg/d). 
Females living in the least deprived area had usual zinc intake of 9.2 mg/d, Less than females 
living in the most deprived area of 9.4 mg/d. 
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The Australian Health Survey conducted in 2011-2012 assessed zinc intakes among 
adolescent males and females aged 14-18 years revealing a higher risk of suboptimal intakes 
as compared to the national findings from New Zealand (Australian Bureau of Statistics, 
2014). The prevalence with inadequate zinc intakes for males and females were 27.4% and 
10.0% respectively, despite males’ median intake of zinc being higher than females across all 
age groups (Australian Bureau of Statistics, 2014). An earlier 2007 Australian Children’s 
Nutrition and Physical Activity Survey reported similar zinc intake results for adolescent 
male and females aged 14-16 years old (Rangan and Samman, 2012). The prevalence with 
inadequate zinc intakes for males was 28.8% and 7.7% for females, supplements excluded. 
The usual mean zinc intake reported in this study for males and females was 9.8 mg/d and 
 
13.3 mg/d, consistent with the national findings from New Zealand. This study was 
conducted around the same time as the New Zealand ANS, however it is difficult to 
determine whether these results could be due to similar eating patterns at the time, however, 
both surveys were conducted nearly over a decade ago. 
 
 
In the United Kingdom, the National Diet and Nutrition Survey rolling programme 
commenced in 2008/2009 and reported a slight decrease in mean usual zinc intakes in both 
adolescent males and females from years 2008/09 to 2015/16 with a usual mean zinc intake 
for males of 8.0 mg/d and females of 6.3 mg/d (Bates et al., 2012). As such, the median 
zinc intakes for males and females saw a slight decrease from 7.9 mg/d to 7.6 mg/d and 6.5 
mg/d to 6.2 mg/d respectively (Bates et al., 2012). The prevalence of inadequacy was 
compared to the Lower Nutrient Reference Intake (LRNI) which is ‘the amount of nutrient 
that is enough for only a small number of people in a group who have low requirements 
(2.5%)’ (British Nutrition 
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Foundation, 2016). The percentage below the LRNI has increased from 12% to 18% for 
males and 20% to 27% for females from 2008/09 to 2015/16 (Bates et al., 2012). 
 
 
The US National Health and Nutrition Examination Survey (NHANES) in 2013-2014 survey 
of 646 12-19-year-old males and 650 12-19-year-old females reported a mean zinc intake of 
13.7 mg/day in males and 8.6 mg/day in females (U.S. Department of Agriculture, 2016). 
These results seem to be consistent with the NZ ANS finding (13.7 mg/d for males, 
9.1 mg/d for females). 
 
 
In summary, national survey data from Australia and New Zealand found that males tended 
to have a higher mean inadequate intake compared to females. The national survey data in 
the UK, however, reported that females had a higher mean inadequate intake than males.  
Findings remain inconsistent likely due to differences in the recommended intakes as they 




Several smaller studies have looked at dietary zinc intakes in males and females aged 
between 18-50 years old, however, the different age group limits generalizability to the zinc 
intake of adolescent males and females. As such, a smaller study in Australia reported 
inconsistent results with the findings of the national survey. For example, a study conducted 
in 138 adolescent males and 150 adolescent females aged 15 years old in Australia in 2017 
reported a median intake of 11.8 mg/d for males and 8.54 mg/d for females (Ho et al., 2017). 
This result is consistent with the national findings from New Zealand. The reported 
prevalence of inadequacy for males was 42.0% and 17% for females, with an increased risk 
of suboptimal intakes as compared to the national survey findings. Moreover, it was found 
13  
that girls consumed a diet with lower zinc bioavailable despite boys having an increased 
prevalence of inadequacy (Ho et al., 2017). 
 
 
Another Australian study looked at 20-50 year old male and 18-45 year old female 
vegetarians and non-vegetarians (Ball and Ackland, 2000). Male and female non-vegetarians 
had a greater median zinc intake than their respective male and female vegetarians in the 
study (12.3mg/day and 8.0mg/day compared to 11.0 mg/day and 5.8 mg/day respectively). 
Likewise, vegetarians had a greater risk of inadequate zinc intakes compared to non- 
vegetarians among both male and female. The prevalence of inadequacy among non- 
vegetarian males was 36% and 14% for females. Overall, males had a higher prevalence of 
inadequacy across all sub-groups compared to females (Ball and Ackland, 2000). Similar 
findings were reported among male vegetarians and non-vegetarians aged 20-50 years old 
where vegetarians had a higher prevalence of inadequacy of 64% and 70% in vegans 
compared to 40% in non-vegetarians (Wilson and Ball, 1999). A more recent study 
conducted in Australia reported a prevalence of inadequate zinc intakes of 19% among 379 
19-50 year old females (Lim et al., 2015). 
 
 
Overall, the findings from smaller, non-representative observational studies support the 
national nutrition surveys in which males are at a greater risk of inadequate zinc intakes 
compared to females. 
 
 
2.2.2 Food sources of zinc 
 
 
Meat, liver, fish, shellfish and oysters are the richest source of zinc in the diet (Solomons, 
2001). Generally, zinc intake correlates well with protein intake, with the highest amount of 
zinc in dark red meat compared to white meat (Sandström et al., 1980; Solomons, 2001). Zinc 
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from plant-based foods is less readily absorbed, and their zinc content depends on the zinc 
content of the soil or fertilizer treatment, growing location and processing methods 
(Solomons, 2001; Gibson et al., 2018). Whole-grain cereals, nuts and legumes have varying 
degrees of zinc content whereas starchy roots, fruits and vegetables have a low zinc content. 
Losses through cooking methods are minimal (Gibson et al., 2018). Dietary components 
inhibit and affect the absorption of dietary zinc. 
 
 
The 2008/09 Adult Nutrition Survey in New Zealand showed that bread-based dishes were 
the greatest contributor to dietary zinc intakes in 15-18 year old males and females, 
contributing 14.3% and 12.6% of total zinc intake, respectively. Grains and pasta contributed 
9.6% for males and 12.1% for females as the second greatest contributor to dietary zinc 
intakes. The third greatest contributor in males was beef and veal contributing 9.1%, poultry 
contributed 6.5% to the total zinc intake whilst fish and seafood only contributed 1.3%. Bread 
contributed 8.8% as the third largest contributor for females, with 6.9% coming from beef 
and veal, 6.0% from poultry and 1.4% from fish and seafood (University of Otago and 
Ministry of Health, 2011). 
 
 
The 2011/12 Australian Health Survey showed that ‘meat, poultry and game products and 
dishes’ and ‘cereal based products and dishes’ were the first and second largest contributors 
to zinc intakes in 14-18 year old males and females, contributing 31.3% and 23.7% to total 
zinc intake in males, and 27.1% and 21.2% in females, respectively. These were followed by 
‘cereals and cereal products’ (17.8%, 17.0%), ‘milk products and dishes’ (11.2%, 13.9%) and 
‘vegetable products and dishes’ (4.4%, 6.5%), with as little as 0.9% and 1.5% coming from 
‘fish and seafood products’ (Australian Bureau of Statistics, 2014). This finding is similar to 
that observed in the 2007 Australian National Children’s Nutrition and Physical Activity 
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Survey. Rangan and Samman looked at the dietary sources of zinc in 14-16 year old males 
and females (Rangan and Samman, 2012). ‘Meat, poultry and game products and dishes’ was 
the largest contributor to total zinc intake in males and females (5.15% and 2.97% 
respectively). Cereals and cereal products were the second greatest contributor of zinc to the 




2.2.3 Changes in dietary patterns 
 
 
Globalization and urbanization, alongside a shift in cultural beliefs and increasing awareness 
of social, environmental and health impacts, factor into a change in dietary patterns globally 
(Povey et al., 2001; Gibson and Heath, 2011; Radnitz et al., 2015; Puloka et al., 2017). More 
people are adopting a vegetarianism lifestyle which could raise concern in regard to whether 
certain population groups are meeting their nutrient requirements (Gibson et al., 2002). In 
New Zealand, data on the prevalence of vegetarianism are limited, however one survey has 
shown an increased number of people going ‘mostly meat-free’ from 2014 to 2018 (4% to 
10%) (Brunton, 2019). There is no definition of ‘mostly’ therefore it is difficult to interpret 
the meaning of this, however an upward trend supports the increased prevalence of 
vegetarianism in New Zealand (Gibson et al., 2002; Gibson et al., 2008; Brunton, 2019). 
 
 
Vegetarianism may be of particular concern for zinc intakes, as meat is known to be the 
richest source of zinc in the diet. Moreover, in the New Zealand Adult Nutrition Survey, 
bread-based dishes were the largest contributor to total zinc in adolescent male and female 
diets, despite phytate being a known inhibitor of the absorption of zinc. Phytate is found in 
high quantities in foods such as whole grain cereals, nuts and legumes (Gibson et al., 2008). 
Vegetarians exclude most meat, poultry and fish from their diet, and substitute these for an 
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alternative plant-based protein. However, these foods are lower in zinc and higher in phytate 
than their meat alternatives thus posing a potential challenge for vegetarians to absorb 





In summary, zinc is an essential trace mineral, that supports normal growth and development 
during adolescence. The current data on zinc intakes in New Zealand adolescent males and 
females is outdated, however the literature suggests males are at a greater risk of inadequacy 
than females. The food groups consumed contributing the most to total zinc intake are high in 
phytate and therefore pose a threat to zinc bioavailability. Given this, the assessment of zinc 
intake in this life-stage population group is warranted. 
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Table 2 Studies assessing zinc intake and prevalence of inadequacy among adolescent and young adult males and females in Australia and 
New Zealand 
 
Publication Country Study participants Dietary method Dietary zinc intake Prevalence of 
inadequacy 
University of Otago 
and Ministry of 
Health, 2011 
New Zealand n = not stated 
Aged 15-18 
24-hour diet recall Mean 
Male: 13.7 mg 
Female: 9.1 mg 
Median 
Male: 13.5 mg 













Australia n = 565 
Aged 14-16 years 
24-hour diet recall Mean 
Male: 13.3 mg 
Female: 9.8 mg 
Male: 28.8% 
Female: 7.7% 




United Kingdom n = 2126 




Male: 8 mg 
Female: 6.5 mg 
Median 
Male: 7.6 mg 




What We Eat In 
America 
United States of 
America 
Aged 12-19 years  Median 
Male: 11.8 mg 
Female 8.54 mg 
Male: 42% 
Female: 17% 
Ho et al., 2017 Australia n = 138 males 
n = 150 females 





Male: 11.8 mg 
Female: 8.54 mg 
Male: 42% 
Female: 17% 
M. J. Ball and M. L. 
Ackland, 2000 




12d weighted diet 
record, over three 
blocks of 4 days 
Females: 
Omnivores 
Median 8.0 mg/day 
Mean 8.4 mg/day 
Females below 6 
mg/day 




Publication Country Study participants Dietary method Dietary zinc intake Prevalence of 
inadequacy 




Aged 18-45 years 
females 





Median 5.8 mg/day 
Mean 6.8 mg/day 
Males: 
Omnivores 
Median 12.3 mg/day 
Mean 12.7 mg/day 
Ovolactovegetarians 
Median 11.0 mg/day 













AK Wilson and MJ 
Ball 1999 








Mean ± SD 
Omnivores 
12.7 ± 2.4 mg/day 
Ovolactovegetarians 
12.0 mg/day ± 4.4 
mg/day 
Vegans 
12.6 mg/day ± 3.8 
mg/day 
% below Australian 





Lim et al., 2015 Australia Females 
n = 379 







Mean ± SD 
9.3 mg/day ± 3.8 
mg/day 
Intakes below ear 
6.5 mg/day 
 
(72) 19% were at 
risk 
Gibson et al., 2001 New Zealand Females 
n = 330 






Median 9.9 mg/day 6% at risk of 
inadequate intakes 
of dietary zinc 
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3 Objective statement 
 
Currently, there is limited evidence regarding the intake of zinc among New Zealand male 
and female adolescents. Adolescence is a period of rapid growth and development with 
increased energy and nutrient needs. Vegetarian and vegan diets are becoming increasingly 
popular among this lifecycle group which may have influenced zinc intake and adequacy of 
this lifecycle group. Moreover, research suggests adolescent males and females are at risk of 
zinc inadequacy. Therefore, the aim of the present study was to describe the usual intakes of, 
and main food group contributors to zinc intake of New Zealand adolescent males and 
females for the purpose of informing future dietary recommendations. 
 
 
The specific objectives are: 
 
 
1) To determine the usual dietary zinc intakes among male and female adolescents 
 
2) To determine the prevalence of inadequate zinc intakes among male and female 
adolescents 





4.1 Study design 
 
This study was part of a larger, two-year cross-sectional nutritional assessment survey of 
adolescents known as SuNDiAL (The Survey of Nutrition, Dietary Assessment and Lifestyle) 
Project. The overall aim of SuNDiAL was to compare the dietary intakes and habits, nutrition 
status, motivations, attitudes and physical activity of New Zealand adolescent females (Year 
1 in 2019) and males (Year 2 in 2020). Year 1 recruitment of adolescent females had a 
specific focus on comparing vegetarian to non-vegetarian participants and thus, recruitment 
efforts were targeted accordingly. Year 2 recruitment of adolescent males did not have a 
focus on vegetarianism. Data collection in Year 1 was conducted in two phases between 
February-April and July-September 2019 while Year 2 was conducted between February- 
April 2020. For the purpose of this thesis, dietary zinc intakes and major food sources from 
SuNDiAL will be examined. Ethical approval for the study was obtained from the University 
of Otago, Human Ethics Committee (H19/004, H20/004). This study is registered with the 

















n= 418 consented to participate 
n=17 did not complete any questionnaire or 24-hour recall 
n= 266 from wave 1 and wave 2 schools 
n= 135 from wave 3 schools 
n= 101 did not complete 
consent 
n= 76 no parental consent 
n=10 did not complete 
enrolment 
n= 1 was 19 years old and 
excluded 
n= 69 did not complete consent 
n= 17 no parental consent 
n= 5 did not complete 
enrolment 
n= 1 withdrew data 




n= 89 did not complete consent 
n= 22 no parental consent 




6 schools recruited 
n= 1664 eligible 
n= 334 responded 
 
 
5 schools recruited 
n= 2054 eligible 
n= 220 responded 
 
 
8 schools recruited 
n= 1882 eligible 




4.2.1 School-based recruitment 
 
Eligible participants were recruited from 19 secondary schools located where the data 
collectors were based. The selection of schools was based on having a role of greater than 
400 females in Year 1 and greater than 400 males in Year 2, with a consideration for a good 
distribution across school deciles. In Year 1, thirteen schools were recruited from eight 
locations around New Zealand (Whangarei, Mount Manganui, New Plymouth, Wellington, 
Nelson, Christchurch, Wanaka, Dunedin). In Year 2, six schools were recruited from 5 
locations around New Zealand (Auckland, Mount Manganui, Wellington, Christchurch, 
Dunedin). Initial contact with the school was made via email. If recruitment by email did not 
result in the targeted number of schools enrolling in the study, phone calls and emails were 
initiated by data collectors in their allocated locations. Schools expressing interest provided 
written consent to participate. 
 
 
4.2.2 Participant recruitment 
 
Study information sessions were held at each participating school to outline the SuNDiAL 
project aims and data collection points. Interested participants were sent a link to the study 
website online eligibility and consent portal. Adolescents under the age of 16 secured parent 
consent before they were sent the eligibility and consent portal. The inclusion criteria for the 
SuNDiAL study in Year 1 were individuals who were female or self-identified as female, 
were 15-18 years of age, were enrolled at a participating school and who spoke and 
understood English. They were excluded if they were pregnant. There was a targeted 
approach to recruit vegetarians. In Year 2, individuals who were male or self-identified as 
male aged 15-18 years of age, enrolled at a participating school, and who spoke and 
understood English were eligible for the study. 
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4.3 Data collection 
 
Data collection included demographics and health status data, dietary habits, attitudes and 
motivations for food choice, dietary intake, physical activity and screen time, blood pressure, 
anthropometry and 24-hour activity. For the purpose of this thesis, only the 
sociodemographic, dietary and anthropometric data were used as detailed below. 
 
 
4.3.1 Socio-demographic and dietary habit questionnaire 
 
Following consent, a unique study ID number was assigned to each participant. Participants 
were then directed to an online survey including sociodemographic questions, health and 
dietary food habits. Questions on participant age, sex, ethnicity and the high school they 
attended were collected. Ethnicity was collected using the 2006 online Census question with 
the following categories (tick all that apply): New Zealand European, Māori, Samoan, Cook 
Island Māori, Tongan, Niuean, Chinese, Indian, Other. Participants were asked if they 
identified as vegetarian or vegan. If the answer was affirmative, they were then asked if they 
consumed any of the following animal source foods; egg, milk, fish or seafood, chicken or 
poultry, meat/red meat. If they selected none of the above, they were asked if they identified 
as vegan. They were also asked how long they had followed this way of eating via the 
dietary habits questionnaire. Questions on supplement use, including frequency, brand and 
dose were also collected. Clarification of questionnaire answers and missing information 
was obtained by the data collectors during the school visits. 
 
 
4.3.2 Dietary intakes 
 
Two non-consecutive 24-hour dietary recalls were used to assess usual nutrient intakes. For 
most participants, the first was carried out in person at their respective schools, and the 
second recall was conducted via a phone call, Skype or FaceTime. A different day of the 
week (including weekends) was selected for the second recall, to allow for day-to-day 
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variation in dietary intake. It should be noted that Year 2 male participants recruited from 
schools in Auckland had both 24-hour dietary recalls conducted via a phone call, Skype, 
FaceTime or Zoom due to COVID-19 lockdown. The 24-hour recall was conducted by 
trained interviewers in three stages using a standardized protocol. In the first stage, a ‘quick 
list’ was obtained of all the food and beverages the study participant had consumed in the 
previous 24 hours (12am – 12am). 
Following this, more specific information was gathered regarding portion sizes of foods, 
cooking methods, recipe information, brand and product information and time of 
consumption. Standard household measures such as cups and tablespoons were used to 
estimate quantities of food and beverages consumed. Food models and photographs of 
different portion sizes were also used to ensure accuracy and consistency. Pre-specified 
prompts were used as a guide to seek information. Timing of when foods were eaten, any 
additions made to the plate before consumption and leftovers consumed were recorded. In the 
last stage, the list of foods and beverages was relayed back to the participant in chronological 
order to ensure all information was correct and there was no missing information. 
 
 
All food and beverage data from the 24-hour dietary recalls were entered into FoodWorks 
(Version 9, Xyris Software, Australia). FoodWorks is a dietary analysis software programme 
which matches foods to nutrient lines of the 2016 New Zealand FOODfiles (Plant & Food 
Research, New Zealand). The food composition table also included recipes from the 2008/09 
New Zealand Adult Nutrition Survey and recipes from Kai-culator, a web-based dietary 
software programme developed by the Department of Human Nutrition at the University of 
Otago. FoodWorks generates total energy, macro- and micronutrient content of the recalls. 
When the exact food item or a close match was unavailable in the FoodWorks database, 
appropriate substitutions with similar food items based on the nutritional content (within a 
10% match of energy and macronutrient content) were made. To assist in making accurate 
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substitutions, a codebook from the Department of Human Nutrition was used, containing 
substitutions that were derived from previous University of Otago dietary assessment studies. 
 
 
Where appropriate substitutions could not be made, a representative recipe was developed in 
FoodWorks. Recipes were created for both commercial foods and homemade recipes. The 
nutritional information from the commercial food item was obtained to create a recipe. Each 
ingredient was entered, in order from highest to lowest amounts, where the macronutrients 
were altered to match within 10% of the product label. For homemade recipes, the participant 
provided all the ingredients and quantities of each ingredient. A food weight estimation 
default in the codebook was used when quantities or weights were not provided. Moisture 
retention factors were applied if the recipe was cooked. Moisture retention factors were from 
the New Zealand Food Composition Database. FoodWorks generated a total weight for each 
recipe with the information provided. The participant was then asked to estimate the 
proportion of each recipe that was consumed. 
 
 
All foods and beverages consumed by participants were categorized into 33 food groups 
(Appendix C) and used to determine the percentage contribution of zinc from food groups to 
the total respective zinc intake. 
 
 
4.3.3 Anthropometric measurements 
 
Height, weight and ulna length were measured in duplicate by trained data collectors, using 
standardized study protocols. Participants were asked to remove their shoes and any heavy 
objects they were wearing. Weight was measured and recorded to the nearest 0.1 kg using 
one of four types of scales; Medisana PS420, Salter 9037 BK3R, Seca Alpha 770, or Soehnle 
Style Sense Comfort 400. Standing height was measured using the Seca 213 and Wedderburn 
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stadiometers to the nearest 0.1 cm. If the duplicate measurements were greater than 0.5 kg for 
weight, and 0.5 cm for height, a third measurement was taken. The two closest measurements 
were then averaged to provide the final weight and height. Body mass index (BMI; kg per 
m2) was determined using the World Health Organisation (WHO) growth reference for 
school-aged children and adolescents (5-19 years) (100, 101). The interpretation of cut-offs 
for BMI-age z-scores are classified as: obese > +2 SD, overweight > +1 SD, healthy > -2 SD 
and underweight > -3 SD from the mean. 
 
 
4.4 Statistical analysis 
 
All data management and statistical analysis was overseen by the study biostatistician, Dr Jill 
Haszard from the Department of Human Nutrition at the University of Otago. To estimate 
mean nutrient intakes with a 95% precision interval, a sample size of 100 would be required 
to give a precision level of +/-0.2 SD (standard deviations). 
 
Dietary intake data were adjusted for ‘usual intake’ using the Multiple Source Method 
(MSM) (Harttig et al., 2011). An estimation of usual zinc intake from food was calculated 
from the data. Two 24-hour diet recalls allowed for an estimation of day-to-day variation. 
 
Energy and zinc intakes were calculated using Excel and expressed as mean (SD) and median 
(IQR), respectively. The prevalence of inadequate zinc intakes were determined using the 
EAR cut-point method (i.e., total zinc intake was compared with the EAR of 6 mg/d for 
females and 11 mg/day for males to determine the proportion of the sample population that 
met the recommendations). The food groups used in this study were the same as those used 
for the 2008/09 ANS (University of Otago and Ministry of Health, 2011). For each 
participant, the proportion of their total zinc intake from each of the 33 food groups was 
calculated using Stata 15.1 (StataCorp, Texas). Mean and 95% confidence intervals of these 




A total of 401 participants were enrolled in this study, comprised of 266 females and 135 
males. Table 3 presents the sociodemographic and anthropometric characteristics of all study 
participants. The average age of the participants was 17 years old. For both males and 
females, the majority identified as New Zealand European or Other ethnicities, however a 
higher proportion of male participants identified as Asian (30%) compared to female 
participants (3%). More than two thirds of the study participants had a low-medium 
deprivation index, with no apparent differences between male and female participants. Lastly, 







Figure 2 participant recruitment 
401 participants included in 
the study 
 
392 completed online 
questionnaires 
392 completed 
demographics and health 
370 completed attitudes and 
motivations 
361 completed dietary habits 
 
344 completed a 24-hour 
recall n=102 males, n=242 
females 
281 completed a second 
recall n= 72 males, n= 209 
females 
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Missing data: questionnaire n=9; anthropometric data n=9; dietary habits, n=40 
1 Median unless otherwise stated 
2 BMI, body mass index (kg/m2) Healthy 18.5-24.9, Overweight and obese ≥ 25 (Ministry of 
Health, 2018) 
3NZ Deprivation index was based off categories reported in 2018 with low levels of 
deprivation=1-3, moderate levels of deprivation=4-7, high levels of deprivation=8-10 
 n n (%)1  n n (%)1 
Age, y (mean SD) 135 17 ± 0.7  266 17 ± 0.8 





69 (51.1)   
240 
162 (60.9) 
Healthy weight  74 (54.8)   157 (59.0) 
Overweight and Obese  35 (25.9)   83 (31.2) 
Ethnicity 129   264  
NZEO  73 (54.1)   207 (77.8) 
Māori  12 (8.9)   42 (15.8) 
Pacific  3 (2.2)   6 (2.3) 
Asian 
NZ Deprivation Index3 
 
129 
41 (30.4)   
264 
9 (3.4) 
Low 1-3  46 (34.1)   106 (39.8) 
Medium 4-7  54 (40.0)   106 (39.8) 
High 8-10  29 (21.5)   52 (19.5) 




Table 4 Usual energy and zinc intake and prevalence of inadequacy among New Zealand adolescent males and females 
 
 Males   Females  
Participant n Energy Zinc Prevalence n Energy Zinc Prevalence 
  kJ/d 
 







 kJ/d mg/d 
 








135 10077.0 ± 
3215.0 











10652 ± 3706.7 
12 (10.3, 14.7) 
 







8092 ± 1743.1 9 (7.3, 
10.8) 




      1805.0 10.5)  






























7709 ± 1636.6 9 (7.1, 
 
7 (8.4) 














8033 ± 1791.5 9 (7.4, 
 
10 (4.8) 
  2592.2    10.6)  










10 (9.7, 18.2) 
 







9422 ± 2261.5 11 (9.1, 
13.9) 




















7928 ± 1905.9 9 (7.4, 
 
9 (8.5) 
  2486.8    10.4)  
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   Males   Females  
Participant n Energy 
kJ/d 
 










n Energy Zinc 
kJ/d mg/d 
 















13 (10.4, 16.5) 
 







8167 ± 1621.1 9 (6.6, 
10.2) 


































7964 ± 1833.6 9 (7.3, 
 
15 (6.3) 
vegetarian  3282.1    10.8)  
 
1Intake considered inadequate when intake is below EAR; males 11 mg/day, females 6 mg/day 
2BMI, body mass index (kg/m2) Healthy 18.5-24.9, Overweight and obese ≥ 25 (Ministry of Health, 2018) 
3NZ Deprivation index was based off categories reported in 2018 with low levels of deprivation=1-3, moderate levels of deprivation=4-7, high 




















 zinc intake 
Mean (95% CI) 
participants 
consuming 




 (%) food group 
(%) 
 CI) (%) food group 
(%) 
1 Grains and 17.0 (13.8, 78 (77) Grains and 12 (10.4, 13.6) 179 (67.3) 
pasta 20.2)  pasta   
2 Poultry 10.0 (7.6, 12.4) 59 (58) Bread 9 (8.0, 10.0) 199 (74.8) 
59/102 
3 Beef and 
 






















5 Bread based 
 


















6 (4.9, 7.1) 
 
122 (45.9) 





5.1 Dietary Intake 
 
Of 401 participants enrolled in the study, 86% (344 of 401) participants completed the first 
diet recall and 82% (281 of 344) completed the second diet recall. Table 4 shows dietary 
energy and usual zinc intakes and prevalence of inadequacy stratified by males and females. 
 
 
The estimated average usual daily intake of energy in the sample population was 10077 
kJ/day for males and 7959 kJ/day for females. There was little apparent difference in median 
usual zinc intakes between males and females across all socio-demographic and 
anthropometric subgroups. Overall, males had a greater prevalence of inadequacy compared 
to females (23% compared to 6%, respectively). For males, the highest risk of inadequacy 
was present in participants who identified as Māori (33%) and Pacific (67%) and those 
residing in an area of high deprivation (35%). For females, although the risk of inadequacy 
was substantially lower, both Māori and Asian participants appeared at the highest risk of 
inadequate zinc intake (14% and 11%, respectively). It should be noted however that sample 
sizes among Māori and Pacific participants in both sexes were small. Apparent differences in 
the prevalence of zinc inadequacy among vegetarian males (20%) and females (7%) existed 
albeit only five males identified as a vegetarian. 
 
 
5.2 Major food sources of zinc intake 
 
The ranking of food group contributors to total zinc intake were mostly similar for both male 
and females. Grains and pasta, consumed by 64% of all participants over the data collection 
period, were the largest food group contributor to zinc intakes. Grains and pasta contributed 
17% of total dietary zinc intake in males and 12% in females. Among males, beef and veal 
was the third largest contributor to zinc intakes, despite only being consumed by just over 
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one quarter of participants (28%). In contrast, bread contributed equally to beef and veal yet 
was consumed by the majority of participants (82%) of male participants. Among females, 
beef and veal and vegetables each contributed 7% of total zinc intake, albeit, beef and veal 
were consumed by less than one quarter of participants whereas vegetables were consumed 




This is the first study to report on the usual zinc intakes and major food group contributors 
among New Zealand adolescent males and females since the last national survey in 2008/09. 
Overall, the prevalence of zinc inadequacy was low among females (6%) but substantially 
higher among males (23%). Animal source foods were the major contributors to zinc intake 
among males which differed slightly from females, where a noticeably greater contribution of 
zinc was obtained from grains and pasta-based dishes and vegetables, and less from meat. 
Within each sex group, several apparent differences in zinc intake existed among various 
sociodemographic subgroups. For example, the highest prevalence zinc inadequacy in males 
existed among those who identified as Māori and Pacific, and those residing in moderate to 
high deprivation neighbourhoods. Similarly, Māori females had the highest prevalence of 
zinc inadequacy (14%), although all Pacific female participants achieved recommended zinc 
intake levels and there were no apparent differences among neighborhood deprivation 
levels. 




The overall prevalence of females with inadequate zinc intakes (6.4%) in the present study is 
similar to that reported in the 2008/09 New Zealand ANS for 15-18 year old females (6.5%) 
despite the targeted study recruitment of those reporting a vegetarian lifestyle. However, the 
proportion of females with reported zinc inadequacy in the present study is lower compared 
to other representative national health surveys in Australia 2011/12 (10% for 14-18 years) 
and the 2015/16 United Kingdom (27% for 11-18 years) (University of Otago and Ministry 
of Health, 2011; Bates et al., 2012; Australian Bureau of Statistics, 2014). A similar pattern 
was observed in females in several smaller studies with reported inadequate zinc intakes at 
34  
least two times greater than what was observed in the present study. For example, a 1998 
Australian study of 18-45 year old females reported inadequate zinc intakes of 20% (Ball and 
Ackland, 2000). Furthermore, two studies in Australia conducted in 2015 and 2017 reported 
inadequate zinc intakes of 19% and 17%, respectively (Lim et al., 2015; Ho et al., 2017). 
However, a New Zealand study in 2001 among females aged 18-40 years reported similar 
findings to the present study of 6% at risk of inadequate zinc intakes (Gibson et al., 2001). 
 
 
Among male adolescents in the present study, the proportion of participants with inadequate 
zinc intakes (23%) was slightly higher than that reported in the 2008/09 New Zealand Adult 
Nutrition Survey for 15-18 year old males (17%) and the 2015/16 United Kingdom National 
Health Survey for 11-18 year old males (18%); however, it is slightly lower than the recent 
national representative survey in Australia in 2011-12 (27.4%) (University of Otago and 
Ministry of Health, 2011; Bates et al., 2012; Australian Bureau of Statistics, 2014). Several 
smaller studies have looked at zinc intakes in males and have reported substantially greater 
risks of inadequacy compared to the present study (Wilson and Ball, 1999; Ball and Ackland, 
2000; Ho et al., 2017). In particular, two studies conducted in Melbourne in 1998-1999 
looked specifically at comparing omnivores and vegetarians and vegans in 20-50 year old 
males. These studies report inadequate zinc intakes in omnivores, ranging from 36% to 40% 
(Wilson and Ball, 1999; Ball and Ackland, 2000) – almost double the findings in the present 
study. More recently Ho et al., conducted a study in 2017 which reported a 42% risk of 
inadequate zinc intakes among 15 year old Australian males (Ho et al., 2017). 
 
 
An exploration of usual intakes by various sociodemographic characteristics highlighted 
potential subgroups at risk of inadequate zinc intakes, including Māori and Pacific 
participants and those residing in higher deprivation areas. These findings are consistent with 
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those from the 2008/09 Adult Nutrition Survey (University of Otago and Ministry of Health, 
2011). However, one difference noted was the risk of inadequacy among Pacific participants. 
the sample size of this subgroup was small and warrants further investigation. Amongst male 
participants, there appeared to be a relationship between the New Zealand Deprivation Index 
and the prevalence of inadequate zinc intakes for males, with the proportion of inadequate 
intakes increasing as the New Zealand deprivation level increased. In contrast, a similar 
relationship between NZDep and zinc intakes was not apparent among female adolescents. 
While the 2008/09 Adult Nutrition Survey did not explore this relationship, there are reasons 
to believe that New Zealand Deprivation Index may affect zinc intake For example, the high 
cost of foods rich in zinc such as seafood and red meat, are likely consumed less in 
households of higher deprivation (Novaković et al., 2014). 
 
 
Vegetarian lifestyle has been reported to increase the risk of inadequate zinc intakes (Gibson 
and Heath, 2011). The present study included a small number of female participants (10%) 
who identified as vegetarian despite a targeted approach to recruit these individuals. Of those 
who reported being vegetarian, only 25% reported no consumption of animal products. While 
there was no targeted effort to recruit vegetarians among male participants, a small 
proportion (4%) identified as vegetarian or vegan with only one reporting no consumption of 
animal products. Nonetheless, there were no apparent differences for females at risk of 
inadequate zinc intakes between vegetarians (7%) and non-vegetarians (6%) nor males (23% 
compared to 20%, respectively). However, this study did not account for the increased 
requirements for vegetarians and vegans due to lower bioavailability from plant sources 
(Ministry of Health, 2014). Lack of autonomy among this life stage group in regard to diet as 
well as different classifications of vegetarianism are also likely to have impacted the results. 
As such, a number of participants who identified as vegetarian (n=8 female and n=1 male) 
reported the consumption of meat on the 24 h recall. In contrast, previous studies 
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investigating zinc intakes among a sufficient sample size of vegetarians and non-vegetarian 
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adults reported a greater risk of inadequacy in vegetarians compared to non-vegetarians 
(Wilson and Ball, 1999; Ball and Ackland, 2000). In particular, a risk of zinc inadequacy of 
64% among vegetarians compared to a 36% risk among omnivores was reported in a sample 
of Australian males aged 20-50 years (Wilson and Ball, 1999). In addition, a 44% risk of 
inadequate zinc intakes was reported among vegetarians compared to a 13% risk in non- 
vegetarians among Australian females aged 18-45 years old (Ball and Ackland, 2000). 
Overall, despite targeted recruitment efforts, the present study did not have sufficient power 
to investigate the differences among vegetarians versus non-vegetarians. 
 
 
The three major food group contributors of zinc for female adolescents in both the present 
study and the 2008/09 Adult Nutrition Survey were grains and pasta-based dishes, and bread 
and bread-based dishes. In contrast, zinc-rich animal source foods such as meat, poultry and 
game products were the top contributors of zinc in the diets of Australian adolescent females, 
followed by cereal based products and dishes, and cereals and cereal products (Australian 
Bureau of Statistics, 2014). Among males, the major food sources contributing zinc intakes in 
the present study - grains and pasta-based dishes, poultry, and beef and veal – were similar to 
the 2008/09 albeit slightly different percentage contribution. In Australian adolescents, meat, 
poultry and game products and dishes, cereal based products and dishes, cereals and cereal 
products were the major food sources of zinc in their diets. While classification of food items 
to food group categories differed slightly between New Zealand and Australia, supporting 
evidence exists that dietary patterns also differ between countries with a higher meat 
consumption among Australians compared to New Zealanders (OECD, 2020; Ritchie, 2017). 
Nonetheless it should be noted that food groups classified in the present study such as bread- 
based dishes (including sandwiches) or pasta included a variety of foods such as lasagne, 
sushi, burgers and filled rolls, all of which may include meat. 
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Interestingly, bread was the second major food source of zinc for females versus fourth for 
males. Wholegrain bread is a good source of zinc – for example, two slices of grainy bread 
contains 1 mg zinc. Bread consumption was high among study participants with 92% (199 of 
244) of females reporting consumption in 24 h recall. In addition, females obtained a higher 
intake of zinc from vegetables and less from meat compared to males. One possible reason 
may be higher frequency of consumption with vegetables being consumed by 79% of female 
participants compared to only 60% of male participants. Moreover, a greater proportion of 
females identified as vegetarian which may explain the apparent ranked contribution of zinc 
coming from different food groups. As such, in recent years adolescent women have been 
increasingly adopting a vegetarian diet (Gibson et al., 2002; Gibson and Heath, 2011). In 
recent national surveys, Australian women aged 19-24 years and adolescent women aged 15- 
18 years in New Zealand, were the most likely to report following a vegetarian diet or 
avoiding red meat (Gibson and Heath, 2011). 
 
 
The present study had a number of strengths and limitations. One major strength was the 
collection of two non-consecutive 24-hour diet recalls, which were used to calculate an 
estimation of usual dietary intakes. In addition, dietary intake data was collected on a 
weekday and weekend where possible, which better representative usual dietary intakes. 
However, the sample size of the study was limited and thus, caution is warranted in applying 
the results to the general population. As such, the sample size of socio-demographic sub- 
groups were non-representative of the population with a higher proportion of Asian males 
enrolled (30%) as compared to the demographics of New Zealand (12%) (New Zealand 
Children’s Commissioner, 2016). Furthermore, the overall study was not aimed to 
specifically look at vegetarian intakes. In particular, only 28 female vegetarians were 
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recruited (10% of female study population), reducing the statistical power and therefore the 
ability to detect a true difference. Self-identification into vegetarian and non-vegetarian was 
also a limitation as plausible evidence suggests vegetarians should have a lower usual zinc 
intake compared to non-vegetarians, however, it was found that some of these participants 
were consuming zinc-rich animal source foods. Classification of food items to assigned food 
groups was another limitation despite using the use of the same food groups as the national 
nutrition survey. Foods that included zinc-rich animal sources were classified under ‘bread’ 
or ‘bread-based dishes’ for example, making an inaccurate assumption of the proportion of 
zinc coming from these foods. 
Another limitation to the study is the bioavailability of zinc in the diets of the study 
participants, were not considered in the determination of intakes and adequacy. The 
assumption was made all zinc was highly bioavailable although some participants, 
particularly vegetarians may have been consuming low to moderate bioavailable zinc. Plant 
foods rich in zinc such as whole grain cereals, legumes and nuts are also high in phytate, an 
inhibitor of zinc bioavailability (Gibson et al., 2018). Those consuming plant-based diets, 
may therefore have increased estimated average requirements compared to those consuming 
animal source foods. As such, the phytate content of the diet was not determined nor 
evaluated alongside participant zinc intakes. The World Health Organization have three 
different estimated average requirements, depending on the source of zinc and the 
phytate:zinc molar ratio (Hotz et al., 2003; World Health Organization and Food and 
Agriculture Organization, 2004; Gibson et al., 2018). Furthermore, bioavailability is affected 
by zinc status. The uptake of zinc is enhanced when zinc status is low, and vice versa. 
However, biochemical zinc status was not measured in the present study. Therefore, the 
determination of zinc status would have been valuable particularly given the high prevalence 
of zinc inadequacy from dietary intake, among male participants. Dietary intake alone, is 
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difficult to determine zinc adequacy due to many factors affecting bioavailability of zinc and 
warrants further investigation including measuring dietary phytate intake and zinc status 
(Brown et al., 2004). 
 
 
In conclusion, the data presented in this study suggest males are at a greater risk of 
suboptimal zinc intakes than females. Certain socio-demographic sub-groups did appear to be 
at a greater risk of inadequacy including participants of Pacific and Māori ethnicity. 
Vegetarian data reported in the present study need to be interpreted with caution as the 
definition of ‘vegetarianism’ was not validated. Further research is needed to further 
investigate the prevalence of zinc inadequacy in this population group. A more representative 
sample of adolescent males and females aged 15-18 years old is warranted to confirm the 
findings in the present study. In addition to dietary zinc intakes, further research into the 
biochemical zinc status would aid in evaluating overall nutritional assessment of zinc among 
participants. 
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7 Application to practice 
 
The present study suggests zinc is a nutrient at risk of inadequacy with some sub-groups at 
greater risk than others. In particular, males appeared at a greater risk than females and a high 
prevalence of inadequacy existed among Māori and Pacific sub-groups, and those residing in 
moderate to high deprivation neighbourhoods. As such, dietitians need to be aware of the risk 
of inadequate zinc intakes among this life stage group. Adolescence is a vulnerable period of 
growth and development and zinc plays a crucial role in supporting growth and development 
(Brown et al., 2001; World Health Organization, 2020). It is important to know the sources of 
zinc-enriched foods in helping this life stage group to meet their daily requirements. In doing 
so, dietitians can advise accordingly. 
 
 
Zinc can be found widely in the food supply, however, its bioavailability from different food 
sources is largely variable (Samman, 2007). The food groups contributing the most amount of 
zinc in the female diet were cereal-based products, albeit many of the food items are high in 
phytate resulting in a lower bioavailability of zinc. Cereals can also be rich in phytate, which 
binds zinc in the intestine and inhibits the absorption. As such, diets high in fibre have been 
associated with a higher phytate intake, and therefore may inhibit the absorption of zinc. 
Similarly, predominant vegetarian diets have been observed to have a higher fibre and 
phytate content (Lönnerdal, 2000). 
 
 
Zinc is part of a healthy diet. Adolescence should be eating a variety of foods from the four 
different food groups including animal source foods (Ministry of Health, 2020). However, 
those adopting a vegetarian lifestyle will require a well-planned diet and/or appropriate zinc 
enriched or fortified alternatives. Moreover, the cost of zinc enriched animal source foods 
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may also be a potential barrier to ensure adolescents achieve adequate zinc intakes 
(Novakovic et al., 2014). Dietitians should apply these findings in practice but also take it up 
to the public health level. As such, nutrition education campaigns around healthy diets should 
be directed towards this life stage group. 
Adolescence is a crucial age for the development of life-long dietary choices. Due to 
the present study raising concerns around zinc inadequacy, national nutritional surveys are 
needed in this country in order to determine if that is true and find out which groups are at 
higher risk and what foods are being eaten. The most recent national nutrition survey was 
more than a decade ago, and there was no focus on vegetarian diets. There is currently no 
data on vegetarian diets and zinc intakes in New Zealand adolescence supporting smaller 
study findings of higher inadequate intakes among vegetarians. Up-to-date evidence provide 
dietitians with research that supports the advice we give not only to patients, but will allow 
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Appendix C: Food groups 
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List of food groups 
 
1. Grains and pasta 
2. Bread (incl rolls and specialty breads) 
3. Breakfast cereals 
4. Biscuits 
5. Cakes and muffins 
6. Bread based dishes 
7. Puddings/desserts 
8. Milk 
9. Dairy products 
10. Cheese 
11. Butter and margarine 
12. Fats and oils 
13. Eggs and egg dishes 




18. Other meat 
19. Sausages and processed meats 
20. Pies and pastries 
21. Fish/seafood 
22. Vegetables 
23. Potatoes, kumara, taro 
24. Snack foods 
25. Fruit 
26. Nuts and seeds 
27. Sugar/sweets 
28. Soups and stocks 
29. Savoury sauces and condiments 
30. Non-alcoholic beverages 
31. Supplements providing energy 
32. Snacks sweet 
